Eighteen large, severely symptomatic arteriovenous malformations were surgically removed from the speech and motor-sensory regions after localization by a proportional grid system. Resection caused a disability in only one patient and improved the preoperative neurological deficit in all the others. Recovery of total or modified working ability took place in 89% of the patients. The author believes that careful radical resection is the method of choice and should be performed before devastation by hemorrhage.
T
HE treatment of arteriovenous malformations (AVM) remains diverse 27 although there is an increasing trend toward radical surgery. The treatment of lesions in functionally important regions of the dominant hemisphere is particularly controversial.
As early as 1949, Nod6n ~5 believed that AVM's in the dominant hemisphere, even when extensive, were operable. In 1956, Leppo, et al., z~ considered AVM's in the functionally important cortex to be operable as their vessels do not supply the healthy brain. Olivecrona and Ladenheim z6 recommended attention to size and location of the AVM in the selection of cases for operation.
At the First International Congress of Neurosurgery in Brussels in 1957 various opinions on this problem were presented. KrayenbiJh111 considered these cases to be inoperable. Milletti 2z proposed the removal of small and medium AVM's only. McKissock and Kankinson, 22 Achsloch, et al., ~ Dickmann, ~ and Lasi~rra ~a recommended surgical treatment of extensive AVM's only when hemorrhage had already rendered the cortex functionless or had caused incapacitating and uncontrollable epilepsy. Baker 2 recommended removal before hemorrhage had destroyed the brain, but emphasized that the anticipated neurological deficit should not interfere with a useful existence.
In 1958, Krayenbiihl and Yaw recommended surgical treatment for lesions located in centroparietal, temporal, or frontobasal regions of the dominant hemisphere only when they repeatedly bled and produced paresis or speech disturbances. Houdart and Le Besnerais 1~ considered the risk of this surgery to be greater than the natural development of the disease. Laine, et al., TM advised caution in rolandic cases because of their experience with grave postoperative hemiplegia. Pool zs advised operative excision even in the sensory-motor cortex or dominant temporal lobe, if the lesion was small and the patient under 40 years of age.
Since 1964 we have repeatedly reported the successful removal of extensive AVM's in the speech and motor areas. 13-16 Our opinion has been based on the fact that AVM's are the result of maldevelopment of the capillary system 26 and that the brain tissue within their space is hypoplastic, 9,~1,~,e6 without function, or entirely missing. Other authors have reached the same conclusion. 3-5,s,lr,2-~,24,2~,'~l,'~2 The aim of this paper is to dispel any remaining doubts.
Method
In this series we used the proportional grid localization system described by Talairach, et a l 2 ~ The anterior-posterior commissure (AC-PC) baseline was established mainly from its relationship to the deep venous system (Fig. 1 ) ; we could not use contrast filling of the third ventricle as a guide since ventriculography was not carried out before the surgery. In the carotid angiogram the central x-ray runs approximately at the level of the internal cerebral vein so that its being out of focus is not important. According to the standards obtained by teleradiography, the baseline usually runs 10 mm below the deep venous angle and corresponds with a line joining the extreme frontal and occipital points of the brain. The anterior commissure is at the intersection of the AC-PC baseline and the vertical line (VCA) which runs 2 mm in front of the deep venous angle. The AC-PC distance averages 25 mm when the frontooccipital distance is 171 mm. A correction should be made according to the specific horizontal dimension of the brain.
In individual cases the AC-PC baseline was determined from a line drawn from the inferior margin of the bony sulcus of the transverse sinus to the limbus sphenoidalis (SLS), as, for instance, in Case 1 ( Fig. 2  upper left) . According to Talairach, a standard distance for SLS and AC-PC baseline is 23 mm and varies in either direction by 1 to 3 mm, because of angular variations. The VCA line may be established by the bone structures, and usually its course passes 8 mm behind the anterior margin of the sella.
With this method we presumed that the AVM was situated in topographically normal brain structures, and this was verified at operation. Even large intracerebral hematomas did not influence the situation of AVM's in the cortex, because they spread in the white substance. This was confirmed by comparison of preoperational and postoperational angiograms.
Using the Talairach stereotaxic atlas, the fairly well-defined areas were drawn in the grid which was transferred from the venous phase onto the arterial phase of the angiogram. This enabled us to determine if AVM's were really located in the speech and motor-sensory areas. The volume of AVM was calculated according to its resemblance to various geometric forms such as cylinder, cone, sphere, or ellipsoid.
Analysis of Cases
Of 117 cases of AVM treated between 1953 and 1972, 68 AVM's were located in or close to functionally important cortical regions, and 40 of them (58.8%) were in the dominant hemisphere. The AVM was removed in 83.3% of the 68 cases ( Table  1) . The 57 patients with resection of the AVM rarely suffered a permanent functional deficit and usually had improved symptoms ( Table 2 ). Ability to return to work was restored in 35 (61.4%), and reduced in 11 (19.3%) ( Table 3 ). The six patients (10.5% ) who died had huge and not well demarcated AVM's. Such cases are commonly considered to be inoperable. TM This paper reports in detail 18 selected cases with AVM's in the speech and Zdenek Kunc rolandic regions. Of these 18 patients, six had AVM's in the speech area, 10 in the rolandic region, and two in both; altogether there were 13 in the dominant hemisphere (Table 4) . Patients ranged in age from 5 to 53 years old. In 14 (77.8%) the AVM was larger than 10 crl 3, the largest being 58 cm '~. The AVM was rlanifested by bleeding in 16 patients (87.8%), subarachnoidally in 11 (61.1%), with recurrence in eight (72%), and intracerebrally in 13 (72.3%). Only one patient had arterial hypertension. Nine patients suffered from epilepsy, and three from chronic headaches. All except three patients developed grave focal symptoms (Table 5) .
Every patient was investigated by seriographic panangiography. In 11 patients (61.1% ), the AVM was supplied from two In all patients resection of the AVM was performed close to its borders. Hypothermia of 27 ~ to 30 ~ C was only used in three cases and controlled hypotension by Arfonad in six. In four the blood pressure was artificially decreased to an unmeasurable level because of dramatic bleeding. In two cases the pressure was dropped to 60 or 50 mm Hg. In one patient hypotension was maintained for 2k hours without hypothermia and with no serious consequences.
Difficulties with hemostasis forced us, in one patient, to leave Spongostan in tile precentral gyrus; this swelled, causing hemiplegia, aphasia, and unconsciousness. After its removal, grave hemiparesis persisted although the aphasia disappeared. In another patient a tamponade of the brain wound for 19 days was the only solution for serious hemorrhage, but the patient recovered without consequences. In two other patients reoperations for brain softening and intracerebral hematoma were necessary, but the focal symptomatology completely disappeared.
Control seriographic angiography verified radical removal of the AVM in 15 patients (83.3%) and subtotal in three. The remnants of an AVM in one patient thrombosed, and in another, have not caused any symptoms for 7 years; a third patient bled to death from a small residue 4 years later. Unfortunately, most patients were operated on long after hemorrhage, often after weeks or months. This, however, was not due to delay by the neurosurgeon.
Resection favorably improved the preoperative symptomatology in most patients , although sometimes bringing about an immediate but transient neurological deficit. Only one patient had a permanent serious hemiparesis following the procedure. In the nine patients who suffered from epileptic seizures before operation, no seizures were reported postoperatively. Recovery in this group means that antiepileptic drug therapy given after operation was effective, whereas preoperatively it was not. This may be a result of normalization of the blood circulation in the surrounding brain. It is interesting that a new case of epilepsy occurred only once (Table 5) . Sixteen of the patients (90%) resumed work; in 11 (61.1%) working capacity was reduced, and only two patients ( 11.1% ) remained disabled.
Representative Cases

Case 1
This 26-year-old man suffered from increasingly frequent grand mal seizures followed by a temporary loss of memory, weakness of the right arm and half of the face, and permanent hemianopsia. Angiograms revealed an AVM in the left and dominant hemisphere, involving the supramarginal, angular and superior temporal gyri and reaching as far as the wall of the lateral ventricle (Fig. 2 upper left and  right) . Under hypothermia of 28 ~ C the AVM was radically removed. The adjacent white matter appeared softened. Severe deep bleeding twice necessitated lowering the blood pressure to zero by Arfonad. The patient recovered from the 4-hour operation without any sequelae; the epilepsy disappeared, and cerebral circulation appeared normal (Fig. 2 lower left and right) .
Case 2
This 23-year-old man suffered subarachnoid and intracerebral hemorrhage causing unconsciousness for 24 hours, hemiplegia, and a total aphasia, which improved slowly. However, amnesia, finger agnosia, alexia and incomplete agraphia persisted. The angiogram showed an AVM in the rolandic operculum and facial motor cortex in the dominant hemisphere (Fig. 3 upper left and  right) . In a 2 89 procedure the AVM was radically removed and a large posthemorrhagic cyst in the frontal, parietal and temporal lobe evacuated. A postoperative angiogram showed much better filling of the vascular bed (Fig. 3 lower left and right) . The neurological deficit initially progressed somewhat, but later substantially improved; aphasia disappeared, the motor-sensory paresis persisted, but to a degree that allowed the patient to carry out his regular employment.
Case 4
This 28-year-old man became unconscious for a short time as a result of subarachnoid hemorrhage; he suffered no other neurological symptoms. A large AVM was identified in the dominant frontal pole, extending to the frontal operculum and partially to the pars triangularis (Fig. 4  upper left and right) . A radical resection was carried out under arterial hypotension to 50 mm Hg. On the sixth postoperative day, hemiplegia and coma due to softening of the frontal pole necessitated reoperation. The patient rapidly recovered and all symptoms disappeared. A control angio- gram (Fig. 4 lower left and right) showed a normal cerebral circulation.
Case 5
A small AVM in the gyrus supramarginalis of the dominant hemisphere in this 20-year-old woman (Fig. 5 upper) caused a subarachnoid and intracerebral hemorrhage; she was unconscious for 3 days. When admitted for surgical therapy 16 days after bleeding she had hemiplegia, aphasia, and choked discs. At operation, the AVM was not visible in the cortex, but was found by following an emerging dilated artery and vein, and radically removed. A very large hematoma under the precentral gyrus, frontal operculum, and triangular part of the inferior frontal gyrus was evacuated. The severe preoperative neurological deficit started improving very soon. A control angiogram 2 months later showed no AVM (Fig. 5 lower) . Follow-up 1 year later revealed a right spastic hemiparesis, with a tactile hemihypesthesia, mostly in the arm. The patient was able to walk without help, but could not wrke, although there was no aphasia.
Case 10
This 16-year-old boy had a history of Jacksonian seizures of the right hand since the age of 5 years which later changed to grand real. He suffered an episode of subarachnoid hemorrhage followed by mild hemiparesis. Angiograms revealed an AVM in the dominant hemisphere, in the pre- Postoperative angiogram after resection of the AVM. central gyrus and middle frontal gyri extending rather deep (Fig. 6 upper left  and right) . In a 4-hour procedure the AVM was radically removed; its dissection followed a draining vein since the lesion was only partially visible and the feeding artery ran deep. Postoperatively there was mild transient aphasia. A control angiogram showed a normal cerebral circulation (Fig. 6  lower left and right) . At a follow-up examination 4 years later the patient was without any neurological deficit, and had had no epileptic attacks.
Discussion
Our results confirmed the operability of AVM's located even directly in the center of Zdenek Kunc the speech and motor-sensory cortex. We believe resection is the method of choice, z~ Anatomically the presupposed special function of this area does not reside in the AVM itself, but in the surrounding brain. 1',a6,~9
A basic condition for a good result is resection close to the borders of the AVM by an extremely gentle dissection sparing the adjoining brain. This procedure is very difficult because the arteries entering the AVM divide into numberless fragile vessels. The vascular situation in reality is always worse than on the angiogram, since many of the vessels do not fill with the contrast medium which is drawn along the shortest way by an arteriovenous shunt. It is necessary to avoid bleeding as much as possible because hemostatic efforts may damage the functionally important cortex. Deep arterial hypotension greatly facilitates the procedure.
A resection that follows the veins za is useful only in smaller AVM's and especially in those which are not visible on the surface. With the increase of blood pressure inside the AVM, the lesion extrudes itself out of the brain. However, in extensive AVM's the internal tension may produce numerous ruptures to complicate the procedure. Therefore, usually the best way to start the resection is from the main feeding arteries if they are accessible. An intracerebral hematoma facilitates the resection; on the other hand. however, it may have grave consequences if it has destroyed a specialized tissue.
A binocular lens is very useful for the refinement of the technique. Hypothermia is no special advantage. Controlled deep arterial hypotension introduced by Drake ~ is very helpful, but should be used at the beginning of the dissection and not only at the moment of dramatic bleeding.
AVM's in speech and motor-sensory regions are suitable for resection only if they are well demarcated; normal brain tissue may be present within AVM's which pervade the brain by irregular islands. In addition, an unintentional opening of these islands causes hemorrhage. An incompletely treated AVM may cause fatal hemorrhage after operation or enlarge and bleed later.~, 15 The size of the AVM is not absolutely Legends 6232 critical in the decision as to whether or not to operate. In our group several very extensive AVM's were successfully removed. However, it is necessary to obtain good information on the blood supply and real extent of the lesion, which can be provided only by seriographic panangiography."-' Extensive AVM's should be judged from all aspects because the surgical mortality rate does increase with their size.
Severe neurological deficits or uncontrollable epilepsy should not be the only indication for surgical treatment. Such caution is a reflection on the capabilities of present day vascular neurosurgery. An AVM located in the cortex with highly specialized function should be operated on as soon as it clinically manifests itself, before the next intracerebral hemorrhage devastates the brain. 2 A mild symptomatology should never suggest that the AVM is prospectively without danger. The percentage of intracerebral hemorrhage is high, 8, 27 and the probability and violence of the next incident can not be predicted. Even a very small AVM can produce an enormous hematoma, s Extinction disorders naturally must be an urgent reason for a surgical procedure to save a maximum of the function.
The degree of arteriovenous shunt should also be considered as an important factor when deciding the surgical indications because of the possibility of depriving the brain of blood and causing chronic damage. The age of the patients and still more, the extent of arteriosclerosis must of course also be considered. Summary AVM's in the speech and motor-sensory regions may be operated on without danger of permanent neurological deficit. Radical resection is the method of choice and should be performed in a gentle and bloodless manner close to the borders of the AVM. Severe symptomatology is not the only indication for surgery. An AVM in the cortex with highly specialized function should be operated on before the next hemorrhage devastates brain tissue. Extensive AVM's are also operable but they must be well demarcated. The degree of an arteriovenous shunt should be considered from the viewpoint of depriving the brain of blood. The Talairach proportional grid is a valuable adjunct to angiographic localization.
